200MPa in the shape of a cylinder. The cylinder was pre fired at 1073K for 1 h and then pulverized in a zirconia mor tar. The powder was pressed again in the same way. The cylinder was placed in an Al2O3 crucible with lids on to reduce the evaporation loss of PbO as less as possible, and was fired for 1h at a temperature of 1273 to 1573K, which is higher than the melting temperature of PbO. Since liquid PbO has a relatively high density, gravity segregation oc curred in all the sintered bodies of the ZnO-PbO compo sites. Therefore, every sample for measuring electrical properties was cut off from the center of a sintered body af ter measuring the density of the sintered body by Archime dean method. The concentration of PbO is influenced by the evaporation loss in samples for density measurements and by both the evaporation loss and the gravity segregation in samples for electrical property measurements. However, the influences are ignored in this study, because PbO did not occupy large volumes in the ZnO-PbO composites, e.g., 3.1 vol% in the maximum addition 5 mol% PbO and the sam ples were prepared so that the influences were reduced as stated above.
To characterize sintered bodies, they were surveyed metallographically with an electron probe microanalyzer (JEOL, JXA-733; Tracor Northen, EDS442J). Samples for resistivity measurements were disk about 12mm in di ameter and 0.5mm thick. Ag films as collecting electrodes were evaporated onto the both surfaces of each disk, and two Au lead wires used for supplying current and detecting voltage drop were attached to the films with Ag paste. Measurements of current-voltage characteristics were made at room temperature with a current/voltage supplier and monitor (Advantest, TR6143) , in which voltage was applied at a scanning rate of 1V • s-1.
3. Results and discussion 3.1. Relative density Dense sintered body was obtained for pure ZnO in the temperature range examined, but not for ZnO containing PbO. The effect of PbO on the relative density of ZnO-PbO composites fired at 1273 to 1573K is shown in Fig. 1 . The relative density was calculated using the density values 5.642g• cm-3 for ZnO12) and 9.56g• cm-3 for f3-PbO.13) A 
Microstructure
The grain size of composites was influenced by the PbO content and the sintering temperature. The grain size of the ZnO-PbO composites sintered at 1323K and ZnO-4 mol% PbO sintered at various temperatures are shown in Fig. 2 .
The grain size increased with an increase of the sintering temperature. The addition of PbO strongly suppressed the grain growth, and the grain size was about 2mm above 1mol% of PbO. This tendency is reverse to that in Bi2O3 addition. 14),15) The microstructure of ZnO-4mol%PbO is shown in Fig. 3 The resistivity of the all composites sintered at 1273 to 1573K is plotted against the relative density in Fig. 7 . The
Sintering Behavior and Electrical Properties of ZnO-PbO Ceramics resistivity rose moderately to about 75% with a decrease of the relative density, and it increased abruptly near 70%. Such a drastic resistivity change is caused by the disconnec tion of electrical passes between ZnO grains and/or between Pb-Zn-O phase and ZnO grain in high porosity. According to percolation theory on the resistivity of composites,18),19) the resistivity of a composite consisting of non-conductive phases and randomly oriented conductive phases is represented by the equation Therefore, a nonlinear constant a in an I-V curve in a break down region was determined from the maximum slope in the log I-log V curve. The dependence of a on the PbO con tent and the sintering temperature are shown in Figs. 8 (a) and (b), respectively. Pure ZnO showed weak non-linearity in its I-V curve and had a values less than 2. A single ZnO phase grain itself in a ZnO-Bi2O3-Coo-MnO-5b2O3 varistor with a high a value has an ohmic property.8) These indicate that for pure ZnO the grainboundaries give weak non linearity to its I-V curve. The non-linear coefficient of ZnO-PbO, which was a little higher than that of pure ZnO, ranged almost from 2 to 3 and hardly depended on the PbO content and the sintering temperature. The non-linear coefficient of ZnO-PbO-CoO ceramics10) is considerably bigger than that of ZnO-PbO obtained in this study. Coo hardly influences the non-linearity of ZnO.9) Adding Coo to ZnO-Bi2O3 significantly raised the non-linear coeffici ent.3),8),9) Bi2O3 has a weak effect on the non-linearity in the ZnO-Bi2O3 system.3),9) In the I-V behavior of ZnO ceram ics, therefore, the role of PbO is very similar to that of Bi2O3. 4. Conclusions In this study, ZnO doped with PbO in the range of 0.5 to 5mol% were prepared by sintering at temperatures of 1273 to 1573K, and their microstructure and electrical properties were examined. Pure ZnO was fully sintered in the tempera ture range. By adding PbO to ZnO, the relative density was greatly decrease due to the high vapor pressure of liquid PbO. In the ZnO-PbO composites, liquid Pb-Zn-O phase penetrated between ZnO grains and prevented the grain growth of ZnO. The ZnO-PbO composites revealed non linear behavior in I-V characteristics. 
